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Clearing Ice for
Bridging Operations

Deborah Diemand

If river ice is not strong (thick) enough to allow it to be crossed by
driving vehicles directly on the ice cover, then alternative means of
crossing must be implemented. f the river is narrow enough, an Ar-
mond Vehicle Launching Bridge (AVLB) or a Medium Girder
Bridge (MOB) can be used. However, if the river is too wide for ei-
ther of these and too deep to fo, it may be necessary to use a float

__bridge (ribbon bridge) as described in TM 5-210 and TM 5-5420-
209-12 (U.S. Army 1970, 1992). The ribbon bridge is designed for- ~ deployment and use in water using flotation to aid in unfolding of the

aindividual bays. On a solid ice surface, the bridge is difficult to un-
__ fold because the bow pontoons, hinged on the upper surface of the

__ section, cannot open freely. The pontoons will either become
-l•J jammed with snow, if it has not been cleated from the area or dig

into the ice with the protruding de-down pins. Both unfolding the
bays and connecting them together require a great deal of machinery
and time-consuming adjustment Therefore, it is preferable to re- ti

*. . -. move the ice cover at least in the area where the bridge sections will
be launched. Before installing the bridge, the ice cover must be bro-
ken up and all fragments removed so that the bridge can be launched
in clear water.

Two common methods of fragmenting the ice are cutting it with

mhe author, a chain saws and blasting. The resulting ice rubble may be cleared by
physkca scientist, is a bulldozing or by submerging the ice slabs under the remaining ice

member ofCRRELs cover. Ice slabs can be moved by poling or with the Bridge Erection
Appi•ed Research Boat (BER) either by itself or using an unfokded bridge bay as a

Branch. pusher. In any case, the rubble na!st be removed becaue it will be-
- , ?.1

S...
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come trapped between the bow pontoons and the roadway pontoons
during deployment (Fig. 1) as well as between bays during attempts
to connect them, as shown in Figure 2. The method of clearing the ice
rubble will be governed by site conditions and availability of equip-

1. A ribbon bridge ment.
section cannot usnold

properiy in ice-choked Bow Pontoon
waters because ice

chunks are caught in the
space between tIe bow

pontoon and the

prementbg die bridge Roadway Pontoon
secton from lyingJat. Ic Ice

2. Connecting ribbon
bridge sections to one
another is hindered by

ice fragments that must
be cleared fiom between

the sections before they
can be katche,

Brdaldng up Various methods have proven successful in breaking river ice to
the Ice form a crossing lane in which to deploy a floating bridge. The choice

of the optimum method will depend upon the tactical situation, the
thickness of the ice and especially the materials and equipment avail-
able. Current speed should also be considered with regard to its influ-
ence on boat (and bridge section) launch or maneuvering and on
clearing of ice fragments. Some operations will be aided by a swift
cumrent (e.g., ice clearing) while others may be seriously hampered
(e.g., bridge assembly). For thin ice covers (up to about 6 in.) a BEB
can be used as an expedient icebreaker. For thicknesses between
about 6 to 20 in., a chain saw works reasonably efficiently. Explo-
sives can be used on ice of any thickness. Guidance for the ice thick-
ness required to drive different vehicle classes directly on the ice
cover is given in Appendix A.
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Experience has shown that an ice cover up to 6 in. thick can be Bridge Erection
fary easily removed fomu a crossing zone using a BEB (Fig. 3). This Boat (BEB) as

mhulled boat weighs about 4 tons and is driven by hydrojet icebreaker
unt tha prvide b olh pr p lso and Me tn (Smtab td et al. 1984,

U.S. Army 1981). An ice shad 4 in. thick or less can be broken very
quickly and efiied by driving the boat at a constat lowspe
th ouh th ic. A • stai h cak i fam ed ahed of th boat and w K[-
ened by the bow. Ice is pushed aside by the passage of the boat At
thicknesses of 4-6 in. in unbrken ice, te boat rides up on t ice
and brak it, creating a semicircla crack patter in fr-ont of the

boat. The boat must then back away from the area while the ice de-
bris is removed before the next ice-breaking attempt. This is a much
slower process than that for the thinner ice. In ice thicker than 6-8 in.
the boat may ride up on the ice without breaking through, becoming
strandec. With the water intakes clear of the water it can b very dif-
ficult to return the boatto the water. At thicknesses between about 4
and 6 in. a combination of the two breaking patterns occurs. At all
times the boat should be operated at low speeds. Engine speeds
should never exceed 1500 RPM, and if possible should be kept be-
low 1000 RPM.

For the most part, the BEB operates well in ice-clogged areas. The
water intakes may occasionally become clogged, but this can be
quickly remedied using the standard back-flushing procedure. The
BEB's only problem in this environment is backing up. Chunks of
ice can become jammed between the lower tubular frame section of
the diving plaform and the external jet and steering components of

3. Bidge Erection Boat
(BEB).
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4. Jet and steering
asembly of the BEE.

the propulsion system (Fig. 4). When this happens, directional con-
trol may be difficult or in some cases totally impossible. Clearing of
the ice is also very dfficult because the area is not easily accessible.

Procedures for launching the boat in a frozen river are well de-
scribed by Stubstad et al. (1984).

Explosives The surface effect of an underwater explosion depends primarily
on the depth at which the explosion takes place. If it is very deep
there will be no discernible effect, while if it is very close to the sur-
face, there will be a great deal of noise, smoke and spray.

The charge depth at which a certain surface effect will be pro-
duced is governed by charge size and, to a lesser extent, by explosive
type and ice type. It is therefore useful to scale the charge depth, d,
with respect to the charge weight, W, so that dissimila charge sizes
can be compared. This is conveniently accomplished by cube-root
scaling such that the scaled depth for a charge size of I to 1000 lb and
depthan to3Oft isrepresentedby UWW.

The behavior of an explosion in water with an ice cover is very
simiW to one without an ice cover. The crater produced by an explo-
sion is defind as the aea of the ice where the ice is completely (and
obviously) broken, such that the fragments are no longer even
weakdy attached to the ice sheet Radial and circumferential cracks
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may exist beyond the crater, but the integrity of the sheet will not be
significantly reduced. Analysis of available test data in ice less than
14 ft thick and with a charge weight of less than 660 lb suggests that
cube root scaling can be used for all linear dimensions, including ice
thicknss, charge depth, and resulting crater radius (Mellor 1986). In
these conditions it has been found that the optmwn blast, that is, with
the largest scaled crater radius, is obtained with t/WU3 - 0.9 fM/lb3
(0.36 m&kgU3), where t represents the ice thickness. The optimum
charge weight, Wo, is therefore:

Wept- 1.4 t3 Ib with t in feet

(1)
W0- 21 t3 kg with t in meters

The best result is obtained with the charge almost in contact with
the underside of the ice, i.e., with the charge 0 to 0.5 ftl/bI (0 to 0.2
m/kg'13 ) below the ice cover. The probable radius of the resulting
crater will then be:

&-6.56 Wb ft with W in pounds
(2)

&-2.6 Wb3 m with Win kilograms

A much simpler rule of thumb for optimum crater size is obtained
by expressing dimensions as multiples of the ice thickness t. The
charge depth dc (below the base of the ice) is then

d -0o- 0.6 t (3)

and the optimum crater diameter Dc is

De=2Rc,- 15 t (4)

These guidelines are given in Figure 5 and Table 1.

Optimum Charge Design Gives Crater Dia. - 15 t

~-:--*:wam .1---: T -.':--

Optimum Charge Design: Nik4\Ch w. W
d -0 to 0.6 t
W lAt3 (Ibandft) 5. E•siw dcwje n the
W=21 t3 (kg and m) water benemth the ice.
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Table 1. Optasmm chrg weigbh and placement for Ice blkdug

Optimum charge Maximum depth Approimafe
Ice thickness weight below ice crater diameter

(ft) (M) (tb) (kg) (In.) (cm) (ft) (M)

0.50 0.18 0.25 0.1 4 11 8.0 2.6
0.75 0.22 0.50 0.2 5 13 11.0 3.3
1.00 0.32 1.50 0.7 7 19 15.0 5.0
1.25 0.40 3.00 1.4 9 24 19.0 6.0
1.50 0.48 5.00 2.3 11 29 23.0 7.0
1.75 0.56 8.00 3.6 13 33 26.0 8.0
2.00 0.64 12.00 5.4 14 38 30.0 10.0
2.25 0.70 16.00 7.3 16 42 34.0 11.0
2.50 0.81 25.00 11.3 18 49 38.0 12.0
2.75 0.87 30.00 13.6 20 52 41.0 13.0
3.00 0.95 40.00 18.1 22 57 45.0 14.0
3.25 1.03 50.00 22.7 23 62 49.0 15.0
3.50 1.09 60.00 27.2 25 65 53.0 16.0

The spacing of individual charges in an array depends not only on
charge weight and ice thickness but also on the proximity of other
charges. Interference between individual explosions can break up the
ice more effectively because of base surge and violent wave action.
resulting in an effectively greater crater diameter. This synergistic ef-
fect is more pronounced in a two-dimensional array (pattern charge)
than it is in a linear array (row charge). Thus the spacing of charges in
a linear array will be roughly one-half to one optimum crater diam-
eter for good ice fragmentation, while that in a two-dimensional ar-
ray will be one to one and a half crater diameters.

If it is not practical to emplace the many small charges specified
for optimum blast conditions in relatively thin ice, larger charges can
be used whose crater sizes will be roughly the same size as they
would be in an optimum blast. As shown in Table 1, a 25-lb charge
used in ice I ft thick will produce a crater 38 ft in diameter. Bear in
mind, though, that the placement depth should be equivalent to that
of the heavier charge, that is 3 to 4 ft including ice thickness, rather
than the 12 to 19 in. specified for the smaller charge. Further infor-
mation on blast design is available in Mellor (1986) and Mellor
(1982).

While an ice cover can be mccessflilly broken up using explo-
sives, the ice probably will not be thrown clear of the water. Test
shots are rquired to determine charge size and spacing. Table 2 and
Figure 6 show the results of test shots and the charge pattern used to
break up an ice cover on the Imgin River (Korea) in 1986
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Table 2. Details and results of four test shots on the Ingin River in South Korea in January (after
Coutermarsh 1987).

R.E. Weight Ice thickness Blasted hole diameter
Test Explosive factor (lb) (kg) (in.) (cm) (ft) (M)

1 C4 1.35 1.25 0.57 9 23 18 5.5
2 TNT 0.92 1.00 0.45 11-11.5 28-29 8 2.5
3 C4 1.34 2.50 1.1 11 28 20 6
4 C4 1.34 2.50 1.1 11 28 16.5x34 5x 10

left

North Shore.H

15. . o .

142. 0 a

1.0 0 0 0 0
lie 0 0 0 0

9 0 0 0 0.4-Current
Row (I-2ft/s) 300-310ft

70 * 0 0 0

70 0 a 0 0

50 0 & 0 0

40 0 0 0 0

30 0 0 0 0

2• 0 0 6. Charge pattern used

I o l mn to break up the ice cover
Column:5 4 3 on the mgiin River,

South Shore South Korea,

(Coutermarsh 1987). The ice was about 10 in. thick at the site. Each
of the holes in columns 1, 2, 4, and 5 had one stick of C4 explosive
(1.25 lb) suspended 3 in. below the ice on a string secured to a stick
across the top of the hole. Some of the holes in column 3 had two
sticks (2.5 lb) of C4 and the rest four sticks (5 lb) in hopes that the

rubble could be blown clear of the channel; this proved unsuccessful.
A ring main was laid out to connect all the charges using an electrical
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primary detonation with a time fuse as a backup. The result of the
detonation was a crossing zone of fragmented ice about 95 ft wide
across the entire river. The ice fragments ranged in size from about
25 ft2 to slush particles. The process of laying out the grid, chopping
the charge holes, preparing the charges, and detonating took about 5
hours with inexperienced personnel.

Many other explosive methods have been tested infonmally. The
fastest and most promising method in terms of the size of the ice hole
created was use of a bangalore torpedo. This is an explosive device
supplied in 5-ft-long metal tubular units that are designed to be at-
tached en:l to end to produce a linear charge of the desired length.
Shrapnel is produced on detonation; therefore, these devices should
be used with great care. In one trial, a 40-ft-long bangalore torpedo
was placed directly on the surface of the ice (Coutermarsh 1987).
The study did not specify what type of bangalore was used, but a 40-
ft section would have either 72 or 84 lb of explosive, resulting in 1.8
or 2.1 lb/ft of explosive. It took one squad 6 minutes to place the 40-
ft-long bangalore on the ice, and the resulting crater, in 16- to 18-in.-
thick ice, was 10 by 40 ft. Embedding the torpedo in the ice reduced
the crater size greatly.

Another promising method was a daisy chain of MI9AT (anti-
tank) mines. The mines were primed with six wraps of DET cord and
were placed bottom down under the surface of the ice. Installation
time was 2 minutes per mine and the resulting crater diameters were
20 to 21 ft at each mine (Coutermarsh 1987).

If the ice is broken up by blasting and the river current is not suffi-
cient to move all the ice rnbble to the downstream side of the bridge
channel, then it will have to be removed mechanically or by hand.

Compressed Compressed gas blasting is broadly similar to the use of explo-
gas blastng sives. Trials have been conducted using both compressed air and

compressed carbon dioxide (Mellor and Kovacs 1972). This can be a
useful technique if ice breaking must be done carefully, such as close
to a ship's hull or other structure, or if pollution is a concern, but it
does require bulky, specialized apparatus and cannot break as much
ice in as short a time as explosives. A compressed air shell capable of
producing a crater the same size as that of a single stick of dynamite
weighs more than 30 lb and is 2512 in. in diameter and 5 to 10 ft long
with a discharge pressure in the order of 10,000 psi. In general, this is
not a practical approach to routine or military ice-breaking.

Chain saws Another way to reduce the ice cover to manageable blocks is by
using a chain saw. This allows the creation of a cleaner channel and
the size of the ice floes can be controlled. However, this technique is
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Depth Gauge

Top P Removed Here

Side
Plate

Top Plate
S~Gullet

Depth Gauge

S ide Plate

7. Modified tooth on a
skip-tooth chain used
for ice cutting.

labor intensive and can be difficult. The chains tend to jam, espe-
cially when the ice is thick; this problem can be reduced by dipping
the bar into a bucket of gear oil occasionally.

When using chain saws to cut ice, the cutting rate is highly depen-
dent upon ice thickness and chain design. A conventional chain has a
left or right cutting tooth on every other link, while a skip-tooth chain
has two connecting links between adjacent teeth. Skip-tooth chains
cut ice faster than conventional chains, but are still substantially
slower than chains with the gauge filed down. Chains with the gauge
filed down are more efficient and can cut deeper into the ice, produc-
ing large chips rather than small shavings. Coutermarsh (1989) com-
pared the performance of a standard skip-tooth chain and a modified
version with the gauge filed down about 1/16 in. as shown in Figure
7. He found that the cutting rate of the modified chain was up to 81%
higher than the standard skiptooth chain. There is some evidence
that complete removal of the gauge will increase the cutting rate still
more.

Another important factor in the cutting rate is the ice thickness.
When the ice thickness approaches or exceeds the bar length, the cut-
ting rate is greatly reduced. The effective length of the bar can be in-
creased by making a V-shaped notch along the top of an incomplete
cut, but the amount of ice that m"st be removed and the time needed
to do so make this a very inefficient process. Fgure 8 shows the rela-
tionship between cutting rate and ice thickness that Coutermaras
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50 50I I I

-. 40-

930_

20 -

& Cutting rate versuss 10

ice thickness using a 0
modified skip-tooth 5 10 15 20 5

chain on a 24-in. bar Ice Thickness (in.)

(1989) found in his work with three different ice thicknesses: 7 in., II
in., and 25 in. Ice thinner than 7 in. can be broken up with a boat
without cutting, while ice thicker than 25 in. cannot be efficiently
subdivided with a chain saw. The bar length used in Coutermarsh's
study was 24 in.; however, the cutting rate would be very slow even
using a longer bar.

Hot-water dills Thermal drills, steam jets, and water jets may be useful in cutting
ice in the crossing zone, but are not recommended for all applications
because of their power requirements and the relative newness of the
technology and limited availability of the necessary equipment.

Ice removal Relatively thin river ice (say, 8 in. or less) is easy to break or cut,
but not easy to clear from a channel to leave open water. There are
three broad possibilities: 1) dispose of ice fragments beneath the ad-
jacent intact ice sheet, relying on river current to move the debris
downstream; 2) lift ice fragments onto the intact ice sheet adjacent to
the channel; 3) transport ice fragments to the shore for disposal.

Initially, the floes can be moved with poles and boat hooks, and
then BEBs can be used to move them farther. Relatively thin floes
can be pushed under the downstream ice sheet or pushed toward
shore and removed with a bulldozer. A crane or transporter boom can
be used (Coutermarsh 1990) if the beach drops off sharply or the ice
is thick, or both.

Subme•ing Submerging ice slabs is a fast, effective technique for a limited
ice slabs number of fairly small thin floes. It is best done by men standing at

the edge of the downstream side of the bridge channel who can push
the floes down and under the uncut sheet using boat hooks, poles,
bars or similar implements. The maximum size of floes that can be
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Solid Ice Ice Block

0.

9. Ice sheet cut so that
loose section can be
pushed beneath the

b. intact sheet.

effectively handled in this way appears to be about 6 by 10 ft, and
having been pushed beneath the ice sheet they will probably not
move downstream very far since they float up under the unbroken
sheet and ice-on-ice friction prevents their traveling farther. As many
as three successive floes can be disposed of in this way, but with in-
creasing difficulty. Another problem is that the floes break while be-
ing jabbed and pushed with poles and crowbars (which themselves
have a tendency to disappear into the river).

It may prove easier to slide the ice floe under the sheet if it has
been cut on an angle as shown in Figure 9, and it may be possible to
grapple onto the upper surface of the sheet if the angle is cut in the
other direction as shown in Figure 10. A winch can be used directly if
the ice is thick enough to support the weight of a vehicle equipped

Solid Ice Ice Block7, 73 7/• /,,'. 7-//7/77/7/7 /

0.

10. Ice sheet cut so that
loose section can be
pushed on top of the
intact sheet.
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11. Expedient armngement to pull ice slabs onto the surface of the intact sheet for removaL

with one. If not, then a series of deadman fairleads must be embed-
ded in the ice to direct the cable toward the shore as shown in Fig-
ure 11.

Bulldozers Removal of the ice with bulldozers works very well if the river
bank slopes gently into the river. ACEs (Armored Combat Earth-
movers) and CEVs (Construction Engineer Vehicles) may also be
used. The following procedure has been used successfully (Mellor
and Calkins 1988) and may be modified as the situation requires. The
bulldozer should first walk over the grounded ice to fracture it and to
break the bond with the gravel. At the same time, the outer track will
put cracks in the floating ice. The machine then moves out into shal-
low water and begins pushing ice in the downstream direction. In this
way a clearing basin is created parallel with the shore and perpen-
dicular to the bridge channel as shown in Figure 12. The idea is to
float ice from the bridge channel into the clearing basin, and then
move it away by bulldozing. The blade should be kept high enough
to clear the river bottom, since any digging in the river bed quickly
develops pits and ridges that create very bad working conditions. If
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12. Method of removing ice using a bulldozer Ice slabs can be moved into the path of the bull-
dozer either by poling or using BE~s.

the river bed is disturbed in this way, it should be smoothed out again
by backblading. If there is a long stretch of gently sloping shoreline,
the clearing basin can be 230-260 ft (70-80 m) long.

Ice debris should be accumulated downstream of the bridge chan-
nel; in this case it was pushed to the downstream end of the clearing
basin. To prevent unwanted ice from floating back into the basin, it
should be grounded. The easiest way to do this is to finish the down-
stream push by angling towards the beach so that the debris in front
of the blade is resting on the river bed and does not float back as the
bulldozer backs off. As the pile of debris grows, it is firmly grounded,
even in relatively deep water, and ice can be added to the pile by jam-
ming it firmly against the ridge. The object is to have the ice debris
stay in the pile when the bulldozer backs off (Fig. 13).

In operating the bulldozers, one-way traffic is maintained. If the
machine travels backwai. through the water when returning to the
starting point, it draws ice debris after it, thus hampering the clear-
ance operation. It is best to have the machine turn back onto the dry
beach when it backs off from the debris pile. It then travels upstream
on the beach, and reenters the water at the upstream end of the clear-
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push another load of
rubble downstream.

ing basin as shown in Figure 12. Two bulldozers working side by
side are more efficient than a single machine because transverse
sillage from the blade is reduced. Ice slabs from the main bridge
channel ae pushed into the path of the bulldozer, first by poles and
later by brdge boats. The bulldoe should be kept supplied in this
way so that it can operate without a break. Fresh ice slabs should be
moved from the bridge channel into the clearing basin as soon as the
bulldozer passes in the downstream direction.

When the bridge channel is completely clear across to the oppo-
site river bank, the bulldozer makes a final cleanup along the shore-
line. Small ice fragments are then floated to the downstream end of
the clearing basin by propwash from the BEBs.

Brdge SWecUMo One or more BEBs can be launched as soon as there is a sufficient
boats for area of open water at the river bank. The old 27-ft BEB has limited

ice reWmora capability for cebreaking; the new boat has somewhat more
icebreaking capability (Stubstad et al. 1984). To break ice, the bow of
the boat should ride up onto the ice. This can be achieved by trim-
ming the boat down in the stern. In the old 27-ft boat, it is sufficient to
move a crewman to the aft end of the cockpit, and either to move
heavy items aft or to remove them from the boat. With the boat
trimmed for icebreacing, it can be driven up onto the ice, but the
nmaunurm safe speed has not been established, so the speed should
be kept as slow as possible.

A bridge section can be used to clear a wide swath by pushing it
through the rubble with two or more BEBs as shown in Figure 14.
The BEB may also be used alone to push the ice fragments out of the
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- .~. -~ 4.Secion of Me ribbon

several BEft, being
used to clear a wide

Spath through the ice
rubble.

channel. However, the standard push-knees on the boat do not extend
down to the water level, either when trimmed for icebreaking or for
normal operation, and therefore will not engage with ice floes unless
the boat is trimmed down in the bow by making sure that heavy items
of loose equipment are stowed well forward, or by having a crewman
sit up on the bow (see Fig. 15). The same procedure allows the boat
to stabilize itself against the unbroken ice sheet when using the
propwash to clear ice fragments. The boat should approach the ice
very slowly to avoid damage or loss of the push-knees. This is true

15. BEB pushing ar ice
slab. The push knees are
inve•red to reach the ice
and the boa is weghted
"diw in the bow
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16. Thme BEBs braced
against the wnbrken ice

ice fMgmenis away from "
the launching area using

their propwsh.

whether the intent is to push the floe or to stabilize the boat to use the
propwash.

The boat can clear small fragmeents over a limited area by using
the propwash to create a current The bow should be braced carefdly
against a convenient edge of the unbroken ice, with one or more men
in the bow to keep the push-knees in contam hrottles • ae opened
slowly, and then kept at a constant setting. Violent bursts of throttle
serve no useful purpose, and only tend to break the ice that is holding
the boat. The propwash diffuses, and provides only a gentle current
for two or more boat lengths astern. It is not efficient for transporting
ice floes or large accmulations of debris. The most valuable applica-
tion for propwash removal of ice rubble is to clear small pieces of
debris from the launching area just before a bridge bay enters the
water. This process is shown in Figure 16.

Transporter booms Transporter booms work well in lifting 5-tc by 8-ft by 24-in.
blocks of ice weighing roughly 5000 lb. A rectangular hole, cut off-
center in the block, with a length of I-beam and shackle inserted in
the hole, will allow the transporter boom to lift the block out of the
water. This arrangement is shown in Figure 17. Once the ice block is
lifted to the level of the boom (Fig. 18), the boom is lowered onto the
truck bed with the ice block and can be carried away for disposal.
Once the block has been piepted, this is a very quick and neat
mthod of ice mov allows the pproach to the crossing ar to
be kept clear of ice and will also work in aeas where there is only a
narrow approach to the crossing zone, since it does not require lateral

movement of equipment such a in bulldoxer operations. The tucks
can aprach and depart on the road that will be used for the bridge
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a& 1-beam fised with shackle for eas

S17. Short section ofl-
beam used to lift a d•k
we slab ioni dte water

b. I-beam inserted trough a hole in kce slab and using a transporter
toggled in place for liig. boom.

"&• Ice slab being l4•dU bonto the bed ofr a
transporter truck

itself. "his is, however, a relatively inefficient process if the ice is
fairly thin as it will break under its own weight when it is removed
from the water. Thus much smaller fragments will be taken with each
load.

Power shovels, loaders and backhoes can be used to clem the ice Powrsovels,
from the launch area, but the process is quite slow because of the lodes, an back-
relatively small amount of ice that can be picked up with each load. hoes
Also, loaders will need roo to maneuver. Trucks must be available
and also free to maneuver near the lumch area, and a disposal area
"must be available nearby to dump the accumulated nibble. As soon
u as the lauch aea is clear enough to put a bou in the war, the boat
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a. Unbroken ice cover -
before ice breaking and . -

removal operations.

.- r

0r0
. . .

b. The same area after
the bridge has been

nearly completed Note
the iwe rubble piled ....

along the shore. 
South

19.Photographs taken from roughly the same position on the Imgsn River in South Kore.

can help by pushing ice fragments into the shore for removal, but
other ice removal methods are preferable. In one operation described
by Couternarsh (1987), it took 28 hours to clear a 328- x 65.5-ft
crossing zone using a bridge boat, a power shovel, and a front-end
loader.

After all cleanup operations are completed a wide path across the
river will have been created with open water at the upstream end, in-
cluding the area where the ribbon bridge is to be installed, and some
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residual broken ice at the downstream edge. Figure 19 shows a fro-
zen river before clearing operations have begun and the same river
with the bridge nearly installed.

In order to retrieve the bridge sectons after use, the sections must Maintenance id
be clear of ice for the same reasons as during launch; ice fragments emna of the
caught in the hinged areas will prevent proper folding of the section. bridge
During the period of deployment the bridge should be kept clear both
of floating fragnents and newly formed ice. The latter may form as a
collar around the bridge sections, which should be removed by driv-
ing heavy vehicles across the bridge every hour or two to break off
the ice.

In any case, the bridge should be removed before ice breakup ei-
ther due to water release upstream or through natural processes.
Once the ice cover begins to move orderly bridge removal will not be
"possible.

The choice of a suitable method of breaking up the ice cover de- Conclusions
pends on the tactical situation, environmental conditions (ice thick-
ness, current strength, shore conditions, etc.) and equipment at hand.
The use of explosives will probably be faster than using chain saws,
but the ice clearing operation will be longer.
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VIEWU . Appendix A.
FRESH WATER ICE CROSSINGx

(USACR•M DEC 86) Ice thickness
vehicle clm Required ice thicknes DiUac between vehice guidance

(wheeled or tracked) (ucke = 4 'J iJm) (about 100 x thickness)
(in.) (cm) (it) (M)

200 be 2 5 17 5

1 4 11 84 11
2 6 15 48 15
3 7 18 58 18
4 8 21 67 21

5 9 23 75 23
10 13 33 106 33
15 16 40 130 40
20 18 46 149 46

25 20 5 167 51
30 22 56 183 56
35 24 6 198 61
40 26 65 211 65

50 29 72 286 72
60 31 79 260 79
70 34 85 280 85
80 36 91 300 91

Belbre using Tabl, an REM1ARKS below

1. If the air temperature had been above heuin for more than 6 of the pest 24
hours, multiply the Vehicle Clas by L3 to obtain the required ine thicknes If
air temperature stays above fiveeing for 24 hour. or more, the ice starts to loee
lt strength, and the Table no loam represeatns eats cooditic. A rapid and

nualdy lag tompertue drop causes the icato become brittle, and Ibr a period
of 24 hours, travel may not be ea r o

2. For te distance e ired 1e wesea two vehicles of different dame., use the
distance required forM highier clams.

3 .I t ou plan to PARK lr extended peod multipl =the Vehicle Clams by 2 to
obanthe required ice thickess anid maintain.a&ha the original distance

requirements. Dri a hole through the ice near the vehicle and MOVE if the •e
begins to flood.

4. The ice mod have WATER SUPPOR. He very careful CLOSE TO SHORE.
Very often the water level will drop afkar fiveee-up. When this happen., the ice
coen to the ehore may no longer have water support.

5. CRACKS are either dry or wet. If dry, they do not penetrate ice cover and can
beig ed I C b2to obtain the urd - ic

rack.[).

100

S ___ Vehicle Class x 21 -

340- V ohicl las x1

20-

II " .- i - " / I I I
11

:121 4 610 0304 606100Al. Required ice
1 2 3 4 a a 10 2o 30 40 soo 100o thicknssfr

Vehile Clan vehicle classes.
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